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SUN-IN-THE-WINDOW ANALYSIS FOR THE APOLLO | NOMINAL
LAUNCH PHASE AND THE MODE III, FIXED-AV, AND MODE IV ABORTS

By Robert E., Prshl
SUMMARY

A study was made to determine i1f the crew for the Apollo 7 mission
will be exposed to sunlight through the command module (CM) forward
viewing windows during the nominal launch phase or for mode III, fixed-AV,
and mode IV sborts. Sun conditions during the nominal launch phase and
the various sbort modes were examined throughout the launch window, from
August through December, 1968,

It was determined that a sun problem is present only for early launch
dates (August lst through epproximately September 5) and launch times
for the nominal launch phase. No sun problem existed for the mode III,
fixed-AV, and mode IV aborts.

INTRODUCTION

This study was conducted to evaluate the launch window to determine
if sunlight could be expected to enter through the CM forward viewing
windows during the Apollo 7 (Mission C, or AS-205/CSM-101) nominal launch
phase or for the mode III, fixed-AV, and mode IV aborts. Sunlight may
interfere with crew activities during the nominal launch phase and present
adverse conditions for performing various duties.

Data on which this study is baesed consist of that for the defined
launch window, definition of the field-of-view through the CM forward
viewing windows, and the initial conditions originating from & nominal
launch trajectory for the lsunch phase and a launch sbort study for the
abort modes.

Where a sun-in-the-window problem was found to exist, figures are
Presented showing a time history of the movement of the sun vector through
the CM windows. Where the sun was of interest during launch' aborts, the
rosition of the sun vector is shown at the time of service propulsion
subsystem (SPS) ignition and while an inertial attitude is maintained
during the SPS burn.



SUPPORTING DATA FOR THE ANALYSTS

Launch Window

The launch window used for the consideration of sunlight in the CM -
windows i1s defined in reference l. This launch window encompasses the
months of August through December 1968. For all launch dates the launch
window opens at 10:00 a.m., e.8.t., and closes at approximately 3:00 p.m., .
e«Sste, for an August 1, 1968, launch and at approximately 1:54 p.m.,
e.S.t., for a December 1, 1968, launch.

Crew Fleld of View

The field of view for the commander (left forward viewing window)
and the CM pilot (right forward viewing window) 1s glven in reference 2.
The reference contains the field of view through the CM-10l forward
viewing windows for the eye positions of the 10th, 50th, 80th, and 90th
percentile man. The Apollo 7 commander and pllot are approximastely
75 percentile, and the field of view avaeilable for the 80th percentile
eye position has been used in this analysis. This field of view 1s wvalid
for the unitized couch (CM-101) and an A7L pressure garment assembly.

Spacecraft coordinate systems for sun-look angles during the nominal
launch thase, mode ITI and fixed-AV aborts, and mode IV gborts are pre-
sented in figures 1, 2, and 3, respectively. The position of the sun vector
with respect to the Apollc 7 spacecraft is defined in texms of the sun-
lock angles, theta (es) and phi (¢S)’ and has been transposed to the CM

forwerd viewing windows in terms of these same angles for the nomlnal
launch phase, figure k4, and fixed-AV aborts, figure 5, Note that the

small obstructed area of the field of view by the boost protective cover

in the lower portion of the forward viewing windows has not been considered.

Initisl Conditions

Examination of the positlon and movement of the sun vector through
the CM forward viewing windows during the nominal lsunch phase (lift-off
through spacecraft insertion) was conducted with the updated nominal
Apollo 7 lsunch trajectory (ref. 3).

Initial conditions (spececraft position and attitude) for the exam-
ination of the possibility of the sun vector passing through the CM forward
viewing windows during mode III, fixed-AV, and mode IV aborts were those
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used in the launch abort study for Apollo 7, (ref. L4). State vectors at
initiation of the SPS burn reflecting current abort philosophy were used
in all cases for the analyses of the abort modes.

RESULTS

Launch FPhase

The lsunch window is for the dates of August 1, 1968 through
December 31, 1968, and the launch window opens at 1500 G.m t. (10:00 8.,
e.s.t.) on all possible launch detes. An analysis of the sun vector
position and movement through the left and right forward viewing windows
for all possible launch dates and launch times was made from lift-off
through spacecraft insertion.

Figure 1 shows the spacecraft coordinate system for the computation
of sun-look angles during the nominal launch phase. Figure 4 is a trans-
position of the sun-look angles to the CM forward viewing windows. It
was found that the sun vector passes through the commander's forward
viewing window (left forwerd viewing window) for various periods of time
for launches occurring between August 1 and approximately September 5.
Referring to figure 4 (a), for a launch on August 1 at 1500 G.m.t., the
sun vector enters and exits the field of view twice masking the second
exit at 78 seconds ground elapsed time (g.e.t.). For a launch on
August 1 at 1700 G.me.t., the sun vector is in the field of view at lift-
off and exits from view at 30 seconds ge.e.t. For a lusnch after
approximately 1730 G.m.t. on August 1 (or any launch date), the sun does
not appear in the commander's forward viewing window, Similarly, for a
launch after approximately September 5, the sun does not appear in the
commander's forward viewing window for any launch time,

Figure 4 (b) is a history of the position and movement of the sun
vector through the CM pilot's right forward viewing window.

Mode IIT Aborts

Although the mode IIT abort region begins et approximately 9m51S geeot.
(earliest time a mode III abort would be performed), the mode III abort
region requiring an SPS burn in vwhich a fixed inertial attitudeois main-
tained (i.e., the CSM is oriented in a retrograde attitude 31.7 below
the line of sight to the horizon of the earth) begins at approximately

9m55s ge.e.t. and continues past insertion,

Figure 2 shows the spacecraft coordinate system and spacecraft initial
attitude for the computation of sun-lock sngles during a mode III abort.




Worst possible sun conditions for mode ITII eborts exist for aborts occurring
late in the mode III region (Just prior to or past insertion) and near

the close of the leunch window. At this time the sun is at the lowest
possible point above the horizon of the earth.

Sun conditions were examined throughout the launch window for a
representative mode III abort occurring late in the mode III region at

.lOmOlS gee.t. It was found that the angle the sun vector makes with
the spacecraft longitudinal axis (X-axis) is never less than 65°, Thus,
the sun does not present a problem for performing mode III aborts.

Fixed-AV Aborts

This abort mode is for the near- and post-insertion region where the
ignition for the SPS burn, at a fixed inertiasl attitude (i.e., the CSM 1is
oriented in & retrograde attitude 31.7° below the line of sight to the
horizon of the earth) with a fixed magnitude AV, is delayed to allow a
landing in the Indian Ocean Recovery Area. Hence, fixed-AV aborts are
those requiring a meximum delay time for underspeed trajectories (earliest
time a fixed-AV abort can be performed) and a minimum delay time for
overspeed trajectories.

The ground elapsed time of abort corresponding to & maximum time
delay is 9mBQS and SPS ignition occurs at 33 26°. The ground elapsed time
of abort corresponding to & minimum time delay is lOm3s and SPS ignition

occurs at 12"8°. (The time between time of abort and SPS ignition is

not less than 2 minutes 5 seconds, the minimum time delay.) Assuming

a nominal ingsertion into the parking orbit, the latest that & fixed-AV
abort can be performed corresponds to a ground elapsed time at SPS ignition

of 26™36°.

For purposes of this analysis, the worse possible sun conditions for
performing fixed-AV aborts would exist for sborts requiring a maximum

time delay (SPS ignition occurs at 33706° g.e.t.). Again, at this time

the sun is at the lowest possible point above the horlzon of the earth.

It was not necessary to consider fixed-AV aborts for overspeed trajectories
(minimum time delay) or from orbit after nominal insertion. A fixed-AV
abort for overspeed trajectories corresponds to a late mode III abort
(already exemined), end a fixed-AV abort after nominal insertion corresponds
to a maximum-time-deley, fixed-AV abort (under consideration).

Figure 2 shows the spacecraft coordinate system and spacecraft initisl
attitude for the computation of sun-look angles during a fixed-AV abort.
Figure 5 shows the most significant results for the examination of the sun




conditions throughout the launch window for a meximum time delay, fixed-AV

abort occurring &t 9m525 geeote It was found thaet the sun does not present
8 problem although the angle the sun vector mskes with the spacecraft
longitudinal exis (X-exis) is 33° for a launch on August 1, 1968, at

1641 Gem.t. Further, it may be noted that the sun is below the horizon
and that the spacecraft enters darkness for meximum-time-delay, fixed-AV
aborts occurring between a launch time of 1600 and 1700 Gem.t. (11:00 a.mn.
and 12:00 @.Ms, €.8.t.) and later.

Mode IV Aborts

The mode IV abort (contigency orbit insertion) region begins at

9m26s g.e.t. (the earliest ground elapsed time thet a mode IV abort can
be performed). For & mode IV abort the spacecraft is orientated to a

posigrade attitude of 31.7° above the line of sight to the horizon of
the earth.

Figure 3 shows the spacecraft coordinete system and spacecraft
initiasl attitude for the computation of sun-lock angles during a mode IV
abort. Worst possible sun conditions exist for saborts occurring early
in the mode IV abort reglon and near the opening of the lsunch window
when the sun 1s rising sbove the horizon of the earth.

Sun conditions were examined throughout the launch window for a
representative mode IV abort occurring at the beginning of the mode IV

s
abort region at 9m’29 g.e.,ts It was found that the angle the sun vector
makes with the spacecraft longitudinal exis (X-exis) 1s never less than
64°, The sun does not present a problem for performing mode IV aborts.

CONCLUSION

This study was conducted to determine if the crew (commender and
CM pilot) for the Apollo 7 mission would be exposed to direct sunlight
throughout the launch window during the nominal lasunch phase, or mode IIT,
fixed-nV, and mode IV sborts. The results are based upon the launch
window, the crew's field of view through the CM-10l forward viewing windows R

nominal launch trajectory, and abort philosorhy which are currently
defined for the mission,

An examination of the sun conditions revealed that the commander is
exposed to the sun vector early (time of launch) in the launch window
during the nominal launch phase for launches occurring between August 1
and approximately September 5, 1968. The CM pilot is exposed to the
sun vector early in the launch window during the nominal launch phase




for launches occurring between August 1 end approximately August 20, 1968,

Neither the commender nor CM pilot 1s exposed to the sun vector for
mode III, fixed-AV, or mode IV aborts throughout the launch window.
However, it was noted that the spacecraft is 1n darkness for maximum-
time-delay, fixed-AV aborts that may occur between & launch time of
1600 and 1700 Gun.t. (11:00 a.m. and 12:00 a.m., €.s.t.)and later,
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